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Abstract 
Postcombustion CO2 capture by Calcium Looping (CaL) has been successfully carried out for more than 700 hours 
in a 1.7 MWth continuous pilot facility in La Pereda (Spain). The pilot is equipped with two interconnected 
circulating fluidized bed reactors: a CO2 carbonator, where CaCO3 is formed when CO2 is captured from a 
combustion flue gas in contact with fine particles of CaO, and an oxy-fired calciner, where a highly concentrated 
stream of CO2 is generated by decomposing the CaCO3 formed in the carbonator. CaL is a technology that has the 
potential to achieve a substantial reduction in the cost of CO2 capture because of the capability to recover waste heat 
and generate more power from the additional fuel fired in the calciner. However, one of the weaknesses of CaL 
systems is the rapid deactivation of the sorbent. The EU “ReCaL” project (http://recal-project.eu/) aims to develop a 
robust and simple reactivation process to stabilize sorbent activity in CaL systems, based on the thermodynamic and 
kinetic ability of the sorbent to increase its CaCO3 conversion under enhanced carbonation conditions. This paper 
presents a first attempt to demonstrate the concept at the scale of the La Pereda 1.7 MWth pilot plant. It describes the 
redesign and retrofitting exercise conducted in the pilot and discusses the initial experimental results achieved when 
one of the loop seals is used as “recarbonator” reactor (putting a small flow of pure CO2 in contact with partially 
carbonated particles arriving from the carbonator). The findings of this study suggest that recarbonation could be 
responsible for about 100% increase in the average CO2 carrying capacity of the material used in the CO2 capture 
step taking place in the carbonator. This could allow CaL systems to operate with very low limestone make-up flow 
requirements, making this emerging capture technology more competitive. 
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1. Introduction 
The calcination of CaCO3 to yield CaO and CO2 has been practised for thousands of years and it is known to be 
extremely fast and effective in particulate systems with adequate properties for heat transfer such as fluidized beds. 
The reversible carbonation reaction of CaO with CO2 is also sufficiently fast to absorb most of the CO2 from gases 
flowing through a fluidized bed. The “Acceptor Gasification Process”, developed during the 60s and 70s of the last 
century [1, 2], is an example of an industrial fluidized bed process concept that aims to exploit the reversibility of 
these reactions in order to separate CO2 from a certain reaction system at high temperatures (carbonation of CaO) 
and to deliver it in concentrated form in a high temperature regenerator (calcination of CaCO3). Hirama et al. [3] 
first proposed using the carbonation-calcination chemical loop (also referred to as “Calcium Looping”, CaL, or 
“carbonate looping”) for CO2 capture from combustion flue gases. In this postcombustion process concept, a 
fluidized bed carbonator captures the CO2 contained in the flue gases coming from an existing power plant as it 
reacts with particles of CaO in the bed. The CaCO3 formed (easy to separate from the CO2-depleted flue gas) is 
circulated to a fluidized bed calciner, where additional coal is burned in O2/CO2 to drive the calcination reaction of 
CaCO3 and generate CaO that is recirculated back to the carbonator, thereby closing the continuous calcium 
chemical loop. This concept has the potential to achieve a substantial reduction in capture cost and energy penalties 
because of the capability to recover waste heat and generate additional power from the heat input (usually additional 
coal) to the calciner. The progress demonstrated by this technology over the last 15 years has been extensively 
reviewed in recent papers [4-8]. Our research group has pioneered several CaL process routes and has played an 
important role in studying several key aspects of this technology, including the fundamentals of the reaction kinetics 
and mechanism [9-12], the design and modelling of the reactor [13], large-scale pilot testing [14] and process 
simulation works [15, 16].  
 
Postcombustion CO2 capture by Calcium Looping (CaL) has been successfully tested over hundreds of hours in 
the 1.7 MWth pilot facility in La Pereda (Spain) (see results recently reported by Arias et al. [14]). The pilot, shown 
in Figure 1a, employs two interconnected circulating fluidized bed reactors operating at a very high temperature: a 
CO2 carbonator at around 650ºC (where CaCO3 is formed by causing flue gas to come into contact with fine 
particles of CaO), and an oxy-fired calciner to generate a highly concentrated stream of CO2 by causing CaCO3 to 
decompose at temperatures between 870-910ºC. Other large pilots have also generated encouraging results [17, 18] 
or are being constructed for this purpose [19]. 
 
One drawback of CaL systems is the rapid deactivation of lime particles when they undergo consecutive cycles of 
carbonation and calcination. This tendency towards deactivation is known to increase the energy consumption in the 
capture system because of the need to circulate more solids in order to capture a given flow of CO2 and/or the need 
to increase the make-up flow requirements of fresh limestone to maintain higher average CO2 carrying capacities 
[20]. Although raw limestone is a very low cost material and CaO rich purges could be used for cement and other 
large industries [21], there is an obvious economic incentive to reduce the limestone make-up requirements in many 
CaL systems. Among the different options proposed to overcome the tendency of the sorbent to deactivate, is a new 
technique based on the principle of recarbonation that we are in the process of developing (http://recal-project.eu/). 
This concept is based on experimental evidence indicating that extended carbonation times and/or intense 
carbonation conditions result in higher CO2 carrying capacities of the lime particles originating from calcination (see 
Barker pioneering work [22]). This is no surprise considering that the extra CaCO3 formed during these “forced” 
carbonation conditions holds no memory of its past, and simply tends to generate a higher fraction of “fresh” CaO 
(i.e. lime characteristic of a single calcination) [22]. Our proposed process scheme takes advantage of this basic 
reaction principle [23, 24] and is outlined in Figure 1b. As can be seen, the new addition to the classic Calcium 
Looping scheme is the recarbonator reactor, that causes partially carbonated particles (FCa solid stream with a 
CaCO3 molar fraction of Xcarb) to come into contact with a concentrated stream of CO2 (recycled from the calciner). 
4 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
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The enhanced carbonation conditions in the recarbonator, during relatively short residence times (minutes) are 
aimed at promoting a slightly higher formation of CaCO3 in the solid stream FCa. This additional CaCO3 will 
generate more active CaO in the next calcination, thereby increasing the average CO2 carrying capacity of the 
material circulating in the new loop, Xave,R, compared to the average CO2 carrying capacity in a loop without 
recarbonation (Xave). This process is of special interest as it can be easily integrated into the twin reactor scheme of 
the CaL system; it does not require any new reactant (pure CO2 is already available in the CaL system ); and it can 
operate with negligible energy requirements as the carbonation energy released in the new recarbonator reactor 
constitutes a direct saving of energy in the calciner [23, 24]. 
 
  
 
Figure 1. (a) View of La Pereda 1.7 MWth pilot plant located in Mieres (Spain). (b) General scheme of a postcombustion calcium looping system 
incorporating a bubbling fluidized bed recarbonator reactor to increase the CO2 carrying capacity of the sorbent (CaO). 
 
However, the recarbonation process involves the inclusion of a new reactor, called the recarbonator, which 
requires a detailed design in order to define its dimensions and operating conditions. This design needs to 
incorporate information on sorbent performance under repetitive carbonation-recarbonation-calcination conditions. 
Figure 2a shows a typical series deactivation curves (CO2 carrying capacities vs number of calcination cycles 
measured on 10 mg samples in a thermogravimetric analyzer, TG, as in [25, 26]) to illustrate how the CO2 carrying 
capacity of CaO particles increases significantly with the introduction of a recarbonation stage. As can be seen in 
Figure 2a, the residual carrying capacity is almost double after 75 carbonation-recarbonation-calcination cycles in 
comparison to the residual activity of lime achieved under equivalent standard carbonation-calcination cycles. 
However, as discussed in previous works [23, 24], this can only be achieved if recarbonation is conducted at 
relatively high temperatures (in the range of 750-800ºC) and in highly concentrated CO2 atmospheres. When these 
conditions are met, the expected evolution in the CaCO3 conversion of the solids inside the carbonator and 
recarbonator reactors is as shown in Figure 2b (see reference [25] for an experimental validation of this figure). As 
can be seen, both conversion curves go through a first fast reaction stage which is kinetically controlled up to a 
certain conversion, followed by a period where the reaction rate is very slow due to diffusional resistances. During 
this fast carbonation step, CaO particles in the carbonator reactor will capture the CO2 contained in the flue gas. Due 
to known kinetic limitations (sintering and product layer built up) this fast reaction period can only progress up to a 
certain conversion equal to the maximum CO2 carrying capacity, which is defined as Xave in conditions without 
recarbonation and as Xave,R with recarbonation. However, solids usually carbonate to a lower value inside the 
carbonator, Xcarb, resulting in an unconverted CaO active fraction (Xave,R – Xcarb). Therefore, the active CaO exiting 
the carbonator must first absorb CO2 from Xcarb to reach Xave,R under the fast carbonation regime present in the 
recarbonator. The recarbonation reaction only begins once Xave,R has been reached, leading to a maximum value of 
Xave,R+ that is related to a maximum possible increase in ΔXR,max observed in the carbonate content due to the 
recarbonation reaction [25, 27]. Therefore, the total increase in the CaCO3 content inside the recarbonator is 
equivalent to ΔXR,total. A simple mass balance based on Figure 2b indicates that the CO2 supplied to the recarbonator 
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reactor must be higher than FCa·ΔXR,total in order to guarantee complete recarbonation and ensure a sufficient 
fluidization of the recarbonator reactor if CO2 is the only gas fed to the reactor. Alternatively steam can be used as a 
second fluidizing gas in the recarbonator, as steam is also shown to have a positive impact on carbonation rates in 
the recarbonator [25]. 
 
 
 
 
 
Figure 2. (a) Evolution of the CO2 carrying capacity of CaO particles with the number of calcination cycles in the absence of recarbonation 
(standard) and with a recarbonation step at 800ºC using pure CO2 (adapted from Grasa et al. [25]). (b) Schematic comparison of the CaO 
carbonation conversion with time during standard carbonation-calcination tests (thin solid line) and during cycles with recarbonation stages (bold 
solid line), based on the experimental results obtained by Grasa et al. [25]. 
 
In the present work, a redesign and retrofitting exercise conducted in the 1.7 MWth La Pereda pilot to 
experimentally test a new process variant of the calcium looping concept (Figure 1b) is described. A new reactor 
(recarbonator) has been incorporated in the existing carbonator loop seal to allow the particles from the carbonator 
to react with a concentrated stream of CO2. In designing this reactor, we have developed and solved a variant of the 
standard KL bubbling reactor model [27], that takes into account current information on carbonation reaction 
kinetics [25] and the reduction of the gas volume as a result of the disappearance of CO2 in the bubbling bed as it 
reacts with CaO particles. New elements for feeding gas to the loop seal and enhanced instrumentation and control 
equipment have been commissioned based on this design. The experimental results obtained with the new 
configuration are discussed and compared against reference experiments of previous work undertaken in the pilot 
without a recarbonator reactor [14]. 
2. Experimental 
A full description of La Pereda 1.7 MWth Calcium Looping pilot shown in Figure 1a has been provided elsewhere 
[14, 28] and only a brief summary is given here. It consists of two interconnected circulating fluidized bed reactors 
(a carbonator and a calciner) of 15 m in height to allow adequate residence times of the particles inside the reactors 
and high bed inventories in order to ensure an effective CO2 capture in the overall system. The internal diameters of 
the carbonator and the calciner are 0.65 and 0.75 m, respectively. Gas velocities in both reactors (2-6 m/s) are similar 
to those of commercial circulating fluidized bed combustors. The solids that exit the reactors are separated by means 
of high efficiency cyclones and are recirculated either to the same or to the opposite reactor (i.e. internal or external 
circulation, respectively). A key feature of this pilot is that it is integrated with a coal-fired power plant of 50 MWe 
to enable the carbonator to be fed with approximately 1% of the flue gases originating from the power plant. Four 
removable bayonet tubes can be inserted into the carbonator during the experiments in order to offer a variable 
cooling area that allows the extraction of the carbonation heat generated during the reaction of the CaO particles 
with the CO2. Moreover, the calciner can be operated in air or oxy-fired mode using a mixture of CO2/O2 obtained 
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from tanks filled with these liquefied gases. Coal is continuously fed to the calciner to achieve the high temperatures 
required for endothermic calcination. A flow of limestone can also be introduced into this reactor to compensate for 
the decrease in the CO2 carrying capacity of the particles with the number of carbonation-calcination cycles as well 
as for the loss of solids due to attrition. The pilot also allows the continuous extraction of solids from the calciner to 
avoid the accumulation of inerts (CaSO4 and ashes) in the system. Temperature and pressure taps are distributed 
around the plant to facilitate its control. There are also gas analyzers that continuously monitor the composition of 
the flue gas at the inlet of the carbonator and the outlet of both the carbonator and the calciner. In addition, samples 
are taken periodically from the facility in order to determine the composition of the solids involved in the CO2 
capture process. The solid circulation rate is also determined using isokinetic probes. 
 
The commissioning of the carbonator loop seal as recarbonator reactor has required a number of modifications to 
allow the progression of the recarbonation reaction to be monitored. One modification consisted in the installation of 
new solid valves (cone valves) in both loop seals to obtain a better control of the solid circulation rates between the 
reactors. The control of this solid stream is essential for the recarbonator performance as this determines the flow of 
active CaO arriving at the loop seal and therefore the residence time of the particles inside the recarbonator. Further 
modifications are planned for the solid circulation system, since it has not yet been possible to completely decouple 
the solid circulation flow to the recarbonator from the total solid circulation rate within the reactors. In addition, 
pressure probes have been added to the carbonator loop seal and standpipe to permit the rapid detection of any 
undesired accumulation of solids in the loop seal as a result of the rapid consumption of CO2. Temperature 
transmitters have been installed at the inlet, in the bed and at the outlet of the recarbonator to detect and monitor the 
progression of the exothermic carbonation reactions taking place inside the reactor. Three sampling ports have also 
been added to the system to allow the extraction of samples from the inlet, from the center and from the outlet of the 
loop seal that is acting as the recarbonator. Analysis of these solid samples (carbonate content, maximum carrying 
capacity and sulfur and ash content) makes it possible to measure the increase in the CaCO3 content of the particles 
caused by the recarbonation reaction. Finally, it is worth noting that mixtures of CO2 and steam or pure CO2 (from a 
CO2 tank) can be used as fluidizing agent to allow the loop seal to operate as recarbonator reactor. 
 
The experimental methodology for the preliminary recarbonation tests discussed in this work begins with the 
start-up and stabilization of the system in accordance with the procedure described elsewhere [14], in which air is 
used as fluidization agent in the carbonator loop seal. Once the solid circulation rates between carbonator and 
calciner and temperatures inside the reactors are stabilized, a reference make-up flow of fresh limestone is 
introduced continuously into the system and then the recarbonation conditions are established. For this purpose, air 
at the inlet of the recarbonator is progressively replaced by pure CO2 at a suitable pressure and rate. In these 
preliminary tests it was necessary to feed a minimum flow of air to the recarbonator in order to avoid defluidization 
(in the event of absorption of all the CO2 by CaO) because steam was not yet available during these experiments. 
Indeed, several cases of complete interruption of the solid circulation between the reactors occurred when this 
auxiliary flow of air was not fed to the loop seal. 
 
When CO2 is fed to the loop seal, the temperature inside this reactor rises as a consequence of the carbonation 
reaction (ΔHr,1073K = -170 kJ/mol). An increase in temperature to above 750ºC is known to be beneficial for the 
progression of the recarbonation reaction [25]. However, this is at the expense of a larger flow of CO2 and active 
CaO entering the recarbonator reactor [27]. In addition to the use of preheated CO2 and steam, an additional heat 
input to the recarbonator reactor would be beneficial in order to achieve temperatures higher than 750ºC without any 
excessive consumption of CaO and pure CO2. Several alternatives will be possible in future large scale systems, for 
use separately or simultaneously [27]: an increase in the operating temperature of the carbonator up to 700ºC (the 
CO2 capture carbonator efficiency will be lower but still over 80% for most flue gases), the burning of a small flow 
of fuel (or unburned carbon in the solid circulation stream) using pure O2 inside the recarbonator and/or preheating 
the particles that leave the carbonator before they enter the recarbonator reactor. However, since the main objective 
of the experiments presented in this study was to demonstrate the recarbonation principle at a large-scale pilot plant 
such as La Pereda, the strategy chosen for the experiments in this study was simply to allow temperatures as high as 
720-730ºC inside the carbonator. This led to very modest CO2 capture efficiencies (30-50%) and allowed large 
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fractions of CaO to arrive unconverted to the recarbonator, which also contributed to the desired high temperatures 
in the recarbonator. At the same time, the amount of active CaO entering the recarbonator during these experiments 
was deliberately reduced by lowering the calcination efficiency (i.e. using calciner temperatures of around 840ºC in 
air), so that the particles at the exit of the carbonator would have a carbonate content close to Xave,R and carbonate 
conversions above this value (recarbonation) would be ensured. Several modifications in the interconnected reactor 
system of Figure 1b are being prepared to overcome the obstacles to the operation detected and to improve the 
controllability and stability of the system operating in continuous mode. However, despite the current design 
limitations, the experimental strategy applied above generated experimental results consistent with the expected 
impact of the recarbonation process on the average CO2 carrying capacities of the particles circulating in the pilot 
plant during long duration experiments, as discussed below. 
 
In order to assess the impact of the recarbonation reactor on the activity of the sorbent in the CaL system the 
impact of the average CO2 carrying capacity (Xave or Xave,R) on the CO2 capture efficiency in comparable sets of 
operating conditions needs to be considered. Many of the previous experimental campaigns conducted in the 
1.7 MWth pilot under standard CaL conditions included long stationary state periods with different values of Xave 
while the rest of the operating parameters (mainly: solid circulation rate between reactors, CO2 feeding rate to the 
carbonator, carbonator solid inventory, carbonator temperature, calciner efficiency) were very similar. Figure 3 
shows the experimental results corresponding to the steady state periods with two different particle CO2 carrying 
capacities (0.11 vs 0.06 in this case). As expected [13-15, 29], such a change in the activity of the material 
circulating to the carbonator lead to significant differences in the CO2 capture efficiencies (from almost 90% to 
below 60%). The first experimental results discussed in the next section with La Pereda pilot operating under 
recarbonation mode were conducted with the aim of detecting whether recarbonation would lead to the expected 
increase in CO2 carrying capacity of the total mass of solids circulating in the system (between 600-1000 kg) as in 
the case of the 0.01 g samples used in the lab experiments for figure 2a [25]. 
 
  
 
Figure 3. Normalized CO2 capture efficiency and carbonator solid inventory for two steady states achieved in the 1.7 MWth La Pereda pilot under 
similar operating conditions and different make-up flow rates of fresh limestone.  
 
3. Results and discussion 
The preliminary results reported in this work are mainly based on first test campaigns conducted after 
commissioning the modifications in the pilot. In contrast with the week-long experiments carried out in steady state 
in standard CaL mode [14], the most successful recarbonation experiments lasted around 10 and 14 hours in steady 
state conditions. Several other shorter experiments also gave results consistent with those discussed below. However, 
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severe operational problems associated with the interruption of the circulation of solids between the reactors due to 
the intense carbonation taking place in the loop seal (and the associated depletion of CO2 as a fluidizing gas) have 
restricted the operative capacity of the plant under recarbonation conditions. New mechanical measures are being 
designed and implemented to overcome the difficulties identified in the control and maintenance of a stable solid 
circulation rate between reactors under the new reaction conditions with the loop seal acting as recarbonator.  
 
In the recarbonation experiments referred to above an inlet CO2 concentration of around 60-80%v was fed to the 
loop seal (balanced in air). A small flow of fresh limestone was also added continuously to the calciner to 
compensate for the attrition of the sorbent. Figure 4a shows the initial period of a recarbonation experiment when the 
fluidization air in the loop seal receiving solids from the carbonator was gradually replaced by CO2. As can be seen, 
before the introduction of CO2 at 9:45, the carbonator temperature, TCB, remained almost constant and the 
temperature in the loop seal, TR, was slightly lower as a result of the air fed (ambient temperature) to the loop seal 
and the loss of heat. When CO2 was introduced for the first time into the recarbonator, the temperature in the loop 
seal increased sharply as a result of the carbonation reaction that took place in the loop seal. This variation in 
temperature together with the inlet gas flows and the solid circulation rates measured in the pilot allows the amount 
of CO2 reacting inside the loop seal, FCO2,R, to be calculated by means of the following energy balance:  
 
ܨܥܱʹǡܴ ൌ
݉ݏܿ݌ǡݏ൫ܴܶെܶ݅݊ǡݏ൯൅݉݃ܿ݌ǡ݃൫ܴܶെܶ݅݊ǡ݃൯൅݈ܳ݋ݏݏ݁ݏ
οܪݎ
      (1) 
 
where ms and mg are the mass flows of solids and gases, respectively entering the recarbonator; cp,s and cp,g are the 
heat capacities of the solids and gases, respectively; Tin,s and Tin,g are the inlet temperatures of the solids and gases, 
respectively; Qlosses represents the heat loss in the recarbonator and ΔHr is the carbonation reaction enthalpy. 
 
 
 
 
 
Figure 4. (a) Evolution of the recarbonator temperature, TR, at the beginning of a recarbonation experiment as a function of the inlet flow of CO2, 
FCO2,in, and the carbonator temperature, TCB. (b) Comparison between the CO2 consumption inside the recarbonator calculated on the basis of the 
extracted solid samples and the energy balance. 
 
As mentioned above, there was a periodical extraction of solids at the inlet and outlet of the carbonator loop seal and 
in the carbonator and calciner reactors. These samples were analyzed to determine their CaCO3, CaSO4 and ash 
content so that the increase in the carbonate content of the solids inside the recarbonator could be quantified. This 
value, together with the solids circulation measurements carried out regularly in the pilot, allowed the flow of CO2 
reacting inside the recarbonator reactor to be estimated, as shown in Figure 4b. In this figure, there is a high scatter 
in the closure of this carbon balance because of the uncertainty in the determination of the circulation rates of the 
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solids and inherent errors in their sampling and analysis. However, it can be seen from Figure 4b that the estimation 
of the CO2 consumption from the heat balance of Equation 1 provides a sufficiently good estimate of the overall rate 
of carbonation in the reactor. This is especially important for checking the process performance during the 
experimental campaigns, since the possibility of analyzing the solid samples is only available several hours after 
sampling.  
 
 
Figure 5. (a) Predicted and experimental CO2 carrying capacity of the particles in the presence of a recarbonation stage. Experimental 
conditions: FCO2,in = 380 kg/h; Fair,in = 180 kg/h; TCB = 730ºC; TR = 780ºC. (b) Predicted and experimental CO2 carrying capacity of the particles 
on highly deactivated particles. 
 
As mentioned above, the main objective of these preliminary testing campaigns was to experimentally validate if 
the introduction of a recarbonator reactor in the CaL scheme leads to an increase in the CO2 carrying capacity of the 
particles, ΔXave,R (exp.). This parameter can be observed in Figures 5a and 5b, for two experiments with low make- 
up flow of fresh limestone (leading to low reference value of Xave-Xsulf and Xr-Xsulf due to the known deactivation 
trends of CaO particles and the build-up of CaSO4. Figure 5a shows that the mean Xave,R value obtained 
experimentally (Xave,R (exp.)) is above 0.15, whereas the estimated CO2 carrying capacity when no recarbonation 
process takes place is just around 0.08 (Xave-Xsulf) under the same operating conditions. The residual activity of the 
material (Xr-Xsulf) is just over 0.05 under these conditions. In Figure 5b a similar effect can be observed for an 
experiment conducted with effective make-up flows of limestone very low, consistent with higher sulfur content, ash 
content and low activity of the reference solids. There were also indications that recarbonation in the loop seal was 
in this case not as effective as in Figure 5a. 
 
The results presented in Figure 5 are highly encouraging because there is a very substantial increase (close to 
doubled) in the estimated average carrying capacity of CO2 particles in the carbonator thanks to the introduction of 
the recarbonator reactor. However, there is also a reason for caution with these preliminary results because we have 
not yet been able to generate experimental information about CO2 carrying capacity from an identical reference 
experiment (same limestone, same particle size distribution, solid flows, temperatures in the reactors, etc) without 
recarbonation. The Xave had to be calculated on the basis of the expression proposed by Rodríguez et al. [30] in the 
absence of such direct experimental information. This could lead to an underestimation of the reference lines of 
average CO2 carrying capacities, as it has been reported [14] that the effective utilization of the sorbent tends to be 
higher than Xave-Xsulf. However, it is also clear from previous pilot test studies [7, 13, 14, 29] that under many CaL 
normal operating conditions (i.e. when calcination takes place at temperatures close to the equilibrium temperature 
in the calciner) the material circulating in the system deactivates faster than expected because individual particles 
may carbonate and calcine again in the calciner, thereby progressing in their cycle number. This single effect alone 
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means that the Xave-Xsulf predicted for a given make-up flow (0.08 in Figure 5a) may be higher than the real value 
and approach a value close to the residual activity. As mentioned above further support to the results of Figure 5 
comes from previous tests conducted in a thermogravimetric device [24, 25], that clearly show (Figure 2a) that the 
increase in CO2 carrying capacity under recarbonation conditions can be as high as 0.07-0.08, which leads to a Xave,R 
value of 0.15-0.16, fully consistent with those of Figure 5.  
 
It is however premature to claim a clear validation of the recarbonation process based on these preliminary 
results, because of the uncertainty in defining a reference line for the average carrying capacity of the sorbent. We 
are planning to conduct an experimental programme with and without recarbonation in La Pereda pilot under similar 
experimental conditions. The experimental conversion obtained in the tests without recarbonation will then serve as 
a suitable reference for comparison purposes and will allow an appropriate baseline to be established to accurately 
quantify the effect of the recarbonation stage. However, as mentioned above, this will require a much more accurate 
control of the solid circulation rates in the facility and a more stable operation regime that permits stationary state 
periods of several days. As indicated above, modifications are ongoing in the pilot to improve the operation and 
monitoring of the recarbonator reactor.  
4. Conclusion 
A novel sorbent reactivation concept has been tested in continuous operation at the 1.7 MWth La Pereda pilot 
plant using the carbonator loop seal as recarbonator reactor. Recarbonation was achieved inside the loop seal using a 
60%v CO2/air mixture as fluidizing agent, recarbonation temperatures of around 780ºC and mean particle residence 
times of the order of the minute. The carbon balance inside the recarbonator was satisfactorily closed, with good 
agreement between the energy balance and the solid samples in terms of CO2 consumption. The recarbonation 
process was found to increase the CO2 carrying capacities of the particles to Xave,R values of more than 0.15 under 
the operating conditions established. This double increase in the CO2 carrying capacity of the sorbent in the capture 
step is consistent with the values measured from previous TG experiments. This indicates that CaL looping systems 
with the incorporation of this simple reactivation step could be made to function with minimum make-up flows of 
limestone, which would enhance their competitive advantages when incorporated into large-scale coal power plants. 
Nevertheless, further experiments are needed to establish a reference baseline for a more accurate characterization of 
the increase in the CO2 carrying capacity of the particles resulting from recarbonation and to gain more confidence 
on this novel process variant of the CaL system.  
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